Second, market modes ("invisible hand of market") -those are various decentralized initiatives of individual agents governed by the free market price movements and market competition -e.g. spotlight exchange of resources, products and services; classical, purchase, lease or sell contract; trade with high quality, organic etc. products and origins, ecosystem services, etc.
Third, private modes ("private or collective order") -diverse private initiatives, and special contractual and organizational arrangements such as long-term supply and marketing contracts, voluntary eco-actions, voluntary or obligatory codes of behavior, partnerships, cooperatives and associations, brads and trademarks, labels, etc.
Forth, public modes ("public order") -various forms of public (community, government, international, etc.) interventions in market and private sector such as public guidance, public regulation, public assistance, public taxation, public funding, public provision, property right modernization, etc.
Fifth, hybrid forms -some combination of above 3 modes like public-private partnership, etc.
In a long run the specific system of governance of agrarian sector (sustainability) (pre)determines the type and character of social and economic development. Depending on the efficiency of the system of governance, the individual farms, subsectors, regions and countries achieve quite dissimilar results in socio-economic development and environmental protection, and there are diverse levels and challenges in economic, social and ecological sustainability of farms, subsectors, regions and the national agriculture.
II. Analyzing the system of governance of agrarian sustainability

Identification of dominant mechanisms and forms of governance
Governance "needs" are associated with the necessity for building adequate mechanisms and forms for stimulating, coordinating, directing, and harmonizing behavior and actions of involved (interested) agents, for maintaining economic, social, and ecological functions of agriculture, and reviling problems and risks associated with agrarian sustainability and its individual aspects. It is to be analyzed to what extent managerial needs associated with major aspects of agrarian sustainability are "satisfied" by the existing system of governance.
Specific forms of governance of agrarian sustainability, which are used in the conditions of a particular farm, ecosystem, region, subsector, or agriculture is to be identified and evaluated. Analysis is to embrace the entire system of governance of agrarian sustainability, and characterize formal and informal institutions, market, private, collective and public forms of governance.
The entire spectrum of "de-facto" (rather than "de-jure") rights on material and ideal assets (material and intellectual agrarian and eco-products), natural resources, certain activities, clean nature, food and eco-security, intra-and inter-generational justice, etc., which are related to agrarian sustainability, are to be scrutinized. Furthermore, efficiency of the enforcement system of rights and rules by the state, community pressure, trust, reputation, private and collective modes, and by agents themselves is to be analyzed.
Assessment is to be made on which extent the institutional environment creates incentives, restrictions and costs for individual agents and society for achieving agrarian sustainability and its economic, social and ecological dimensions, intensifying exchange and cooperation between agrarian agents, increasing productivity of resource utilization, inducing private and collective initiatives and investments, developing new rights, decreasing divergence between social groups and regions, responding to socio-economic and ecological challenges, conflicts and risks, etc.
Next, various market forms of governance of agrarian activity are to be specified, and the extent in which "free" market contributes to coordination (direction, correction) and stimulation of agrarian activity and exchange, and effective allocation and utilization of agrarian (material, finance, intellectual, natural, etc.) resources analyzed. Market governance is effective for an immense portion of activity and transactions in agrarian sector, since it is characterized with many participants, standard products, "free" competition and price formation, high frequency of transactions and low assets specificity. Simultaneously there are numerous "failures" of market in governing of critical for agriculture activities such as innovations, long-term investments, infrastructural development, environmental protection, etc. It has to be identified all cases of "market failure" leading to lack or insufficient individual incentives, impossibility for a choice or unwanted exchange, and deficiency for effective maintenance of economic, social and ecological functions of agriculture.
After that it is to be analyzed how and with what forms individual agents take advantage of economic, market, institutional, etc. opportunities, and overcome existing restrictions and risks through choice or design of new (mutually) beneficial private or collective modes (rules, organizations) for governing their activity and relationships. Agrarian sector is rich of diverse private organizations of different type based on contract agreements, quasi or complete (horizontal, vertical) integration in land, labor, finance, inputs supply, marketing of products, etc.
Rational (private) agents usually use and/or design such forms for governing of diverse activities and relations, which are the most efficient for the specific institutional, economic and natural environment, and which maximize their overall benefits (production, ecological, financial, transaction, social) and minimize their overall (production, transaction, etc.) costs. However, outcome of private optimization of management and activity not always is the most efficient allocation of resources in society and maximum possible sustainability. There are many instances for private sector "failure" in governing of socially desirable agrarian (economic, social, ecological) activity, which are to be identified and analyzed.
After that, analysis is to be made on diverse forms of public "involvement" in agrarian governance through provision of information and training for private agents, stimulation and (co)funding of their voluntary actions, imposition of obligatory order and sanctions for noncompliance, direct organization of activities (e.g. state enterprise, scientific research, monitoring, etc.). That analysis also has to assess specific (economic, social, ecological) benefits and the overall costs for individual agents and society related to particular public intervention. There are also cases for public "failure" (inactions, wrong interventions, over-regulations, mismanagement, corruption) leading to significant problems for sustainable agrarian development, which are to be identified and analyzed.
A great portion of employed agro-management modes are integral, and affect more than one aspects of agrarian sustainability. Besides, improvement of one aspect (e.g. economic) through a particular form often is associated with negative effects for other aspect, component or element (e.g. social, ecological). Thus, it is also to be taken into account the overall efficiency of a particular form, particular "package" of instruments, or the system of governance as a whole. All existing and other practically feasible forms for agro-management are to be identified, analyzed and assessed as well as complementarities (mutual or multiplication effects) and contradictions between them specified.
Analysis and assessment of the system of governance of agrarian sustainability is a complex, multi-facet, and interdisciplinary process, requiring profound knowledge of advantages and disadvantages of diverse governance modes, and in-details characterization of their efficiency (benefits, costs, effects) in the specific conditions of each agrarian agent, holding, type of farms, ecosystem, subsector, region, country. Here quantitative indicators are often less applicable, and frequently qualitative analysis is to be widely applied. 
Elements and levels of analysis
Analysis of the system and forms of governance is to be done for agrarian sustainability as a whole, and for each of its major Aspects -economic, social, and ecological.
For every Aspect the analysis further deepens for major elements like principles and components of agrarian sustainability which are characterized with significant specificity in terms of governance needs, forms, factors, and efficiency. For instance, the components of governance of ecological sustainability are: (effective) management of soils, waters, atmosphere, biodiversity, landscape, climate, etc.; of economic sustainability: management of production efficiency, adaptability, financial stability, etc. of farms and the sector; of social sustainability: amelioration of welfare of farmers, wellbeing of rural communities, participation in public governance, etc.
Some of the specific forms of governance are relevant only for one aspect of agrarian sustainability, while others are integral and concern two or all of them. A particular mode is to be assessed independently only if it affects significantly social, economic, and/or ecological sustainability. In case that two or more forms of governance are complementary and impact sustainability jointly, they have to be evaluated together as a "package".
According to the specific objective, the analysis of the system of governance of agrarian sustainability could (is to) be made at four different levels (Figure 1 ):
-individual level -individual agrarian agents: owners of agrarian resources, farmers, hired labor, final consumers, regional and state administration, etc.;
-collective level -complex farms (cooperative, partnership, corporation, public), specific organizations (for inputs supply, marketing, innovation, environmental protection, etc.); particular ecosystem or region, etc.;
-national level -certain subsector of agriculture, agriculture as a whole; -trans-national level -in regional, European, Asian, or global scale.
For each managerial level the relevant forms and mechanisms of governance of agrarian sustainability are to be identified and analyzed.
As a rule, the effects and costs at a particular level and upper management levels are not simple sums of those of composite elements or lower levels of management. It is to be taken into consideration the necessity for "collective actions" for achieving a minimal economic, social, ecological and technological size for a positive effect, mutual and multiplication effects and spillovers, contradictory effects and costs, and externalities in different subjects and management levels, in space and time horizon.
Agricultural farms are the main element of the system of agrarian governance. That necessitates to evaluate the comparative and absolute potential (internal incentives, capability, costs, intentions) of different type of farms (subsistent, semi-market, family, commissioned, cooperatives, corporation, public, hybrid) for: sustainable agriculture and innovation, conservation and restoration of natural resources, long-term investment, minimization of direct and indirect negative effects, dealing with existing challenges, minimizing related costs and risks, effective adaptation, etc. Such an analysis is more complex for farms with complex internal structure (multimember partnerships, agricultural cooperatives, agri-corporations, public farms), which are characterized with division of ownership from management, and multiple owners and hired labor with diverse interests, personal preferences, capability, etc.
For upper(farm) levels of management the governance of agrarian sustainability is either integrated in the main mechanisms of influence (e.g. requirement for "eco-compliance", "good agricultural practices, etc.) or it is a specialized structure (e.g. state programs for income support, agro-ecology, mandatory standards for product quality and safety, working conditions, environmental protection, animal welfare, etc.).
Factors of the governance of agrarian sustainability
Evolution of the system of governance of agrarian sustainability and the choice of one or another form by agents depend on diverse economic, political, institutional, behavioral, technological, international, natural, etc. factors.
The type and the evolution of forms of agro-management strongly greatly depends on the personal characteristics of farmers and other participants -personal preferences, experiences, knowledge, capability, ideology, etc.
Another important factor is science and technological advancement, which determines the extent of knowledge of factors and consequences of sustainable development, gives further information on socio-economic and ecological problems and risks (extent of degradation and pollution of natural environment, specific impact of different farms and technologies), and provides opportunities for effective management (improvement, adaptation) of diverse aspects of agrarian sustainability.
The choice of governance form also depends on market and social demand (public pressure) for sustainable exploitation of natural resources and balanced agrarian development. Character of that demand depends of general socio-economic development, priority (social, economic, ecological) challenges at the current stage of development, opportunities for profiting and investment, and the overall evolution of institutional environment (rules, standards, public support, etc.).
Another important factor determining the system of governance are public (national, regional, European Union) policies as well as implementation of international conventions and agreements (WTO, Global Convention of Climate Change, etc.) related to different aspects of agrarian sustainability.
Finally, the system of governance of sustainability is affected by the "natural" evolution of natural environment (e.g. global warming, extreme climate, drought, flooding, etc.), which imposes forms facilitating confrontation to negative trends and/or adaptation to natural changes.
In many cases, it is impossible to "influence" economic, social or natural environment through (agro)management, and the effective adaptation is the only possible strategy for overcoming the socio-economic and ecological consequences for agriculture. Therefore, the potential of farms and the agrarian sector for adaptation to constantly evolving market, institutional and natural environment is one of the main factor and indicator for assessment of agrarian sustainability.
At all analytical levels diverse "external" and "internal" factors of governance of agrarian sustainability are to be identified, and their importance and compatibility at the contemporary stage of development of agriculture, its subsectors, different regions, type of agri-ecosystems, farms, etc. estimated in order to assess adequately efficiency of the system of agro-management and agrarian adaptation.
It is to be taken into consideration that the state and changes in the socio-economic shape of agriculture, rural areas and natural environment are consequences not only of the system of governance in a particular farms, region, subsector, or country, but other factors as well -e.g. overall demographic evolution (aging of population, depopulation of regions), impact of other industries in the country and internationally (competition, financial crisis, contribution to global warming), natural cycles in the evolution of environment, etc. Consequently, the real improvement or deterioration of the governance of agrarian sustainability in a particular farm, region, subsector, or country could be associated with a lack or controversial change in the level of agrarian sustainability at relevant levels and as a whole. Thus, impacts of all these "external" factors are to be specified and analyzed.
Efficiency of the governance of agrarian sustainability
Efficiency of the system of governance of agrarian sustainability represents the specific effectiveness in the specific socio-economic and natural environment of particular farms, ecosystem, region, country in relations to the extent of realization of practically (technologically, agronomically, socially, politically, economically, financially) possible level of social, economic, and ecological sustainability of agriculture, and minimization of the overall costs of governance.
Assessment is to be made on the overall efficiency and the partial efficiency as the first one includes the system of governance as a whole, while the latter is for the main components (instruments) of governance of social, economic and ecological sustainability.
According to the objectives and period of analysis, and available information, the assessment of efficiency of the system of governance (or some of its element) is for the potential efficiency or actual efficiency. The former indicate the potential of the system or individual mode to change behavior, action or contribution of diverse agents for achieving agrarian sustainability, while the later shows the ultimate result (effect, impact, costs) in relation to agrarian sustainability.
Efficiency of the specific system of governance of agrarian sustainability eventually finds expression in certain level and dynamics of social, economic, ecological and integral sustainability of agriculture. Accordingly a high or increasing agrarian sustainability means a high efficiency of the system of governance, and vice versa.
Agrarian sustainability and its individual aspects have many dimensions. In order to evaluate the efficiency level of the governance it is necessary to work out an adequate system for assessing the economic, social and ecological aspects of agrarian sustainability, and the integral sustainability. Such system is presented in the III section of this document.
In each specific moment or a shorter-period of analysis adequate data not always could be found and/or direct links between the system of governance (and its individual forms) and agrarian sustainability determined. Therefore in management practice and design often it is necessary to assess governance system through potential efficiency, which allows timely assessment of its level, detecting low "efficiency" and possibility for augmentation, and undertaking measures for improving the existing governing system.
For the potential efficiency a system of appropriate indicators for assessing the potential of individual modes for economically viable, socially responsible, and ecologically sustainable agricultural activity (actions, contribution to) is to be used. Table 2 presents incomplete list of indicators for activity, which could be used for assessing potential efficiency of governing forms of economic, social and ecological sustainability. Absolute and comparative efficiency of the governance of agrarian sustainability is to be distinguished. The former represents effectiveness in relation to the state before introduction of a particular form (instruments of governance) or the improvement of entire system. If sustainability as a result of the new system of governance is improving or its further deterioration is prevented, then the form is (more) efficient, and vice versa.
Comparative efficiency shows effectiveness (effects, costs) of a particular form or the system of governance in relation to another alternative form (system). It is to be assessed if it is at all practically possible an alternative system of management, which is able to increase the level of agrarian sustainability or achieve certain level with less total (private and public) costs. That approach is also used for comparison of two or more feasible forms in order to select the most efficient one(s). At management decision stage, the analysis of comparative efficiency are means for selecting the most-efficient option for management of agrarian sustainability (behavior, investment, cooperation, benefits) between institutionally, financially, and technologically possible alternative forms. Therefore, they are tools for increasing the absolute efficiency of the governance.
When the effects, costs and efficiency of individual components of the governance are evaluated it is to be taken into account their different temporal scale, joitness, complementarity, controversies, temporal and social apartness, and potential for development in the conditions of constantly changing socio-economic and natural environment.
Assessment of the costs of governance is to include:
-pure "production" costs and investment, which are associated with the technology of agrarian production, social development and natural conservation; and -transaction costs, which are associated with the governance of relations with other agents -e.g. costs of finding labor, partner for cooperation or trade, acquiring information, negotiation, organizational development, registration and protection of rights and products, controlling opportunism, conflicts resolution, adaptation to market and institutional environment, etc.
Assessment of the public forms is to include the overall (public and private) costs, which usually comprise: direct program costs of tax payers and/or assistance agency (for program management, funding of private and collective activity, control, reporting, disputing implementation), transacting costs (for coordination, stimulation, control of opportunisms and mismanagement) of bureaucracy, private and collective costs for individuals' participation in public modes (for adaptation, information, negotiation, paper works, payments of fees, bribes), costs for community control over and reorganization (modernization, liquidation) of public forms, and (opportunity) "costs" of public inaction (negative effects on economy, human and animal health, lost biodiversity, etc.).
III.
Assessing sustainability levels of agriculture
Hierarchical system of Principles, Criteria, Indicators and Reference values
Depending of the goal of analysis, available data, etc., the level of agrarian sustainability is evaluated at national, regional, sectoral, eco-system, and farm levels.
For assessing sustainability levels of agriculture at different levels and its economic, social and ecological aspects, a hierarchical system of well determined and selected principles, criteria, indicators and reference values is used (Figure 2) . For instance, for the assessment of "Economic sustainability" of Bulgarian and Chinese agriculture four Principles are specified -"Financial stability", "Economic efficiency", "Competitiveness", and "Adaptability to economic environment"; for the "Social sustainability" Principles are five -"Welfare of employed in agriculture", "Preservation of farming", "Gender equality", "Social capital", and "Adaptability to social environment"; and for the "Ecological sustainability" seven Principles -"Lands quality", "Waters quality", "Efficient energy use", "Biodiversity", "Animal welfare", and "Adaptability to natural environment" (Table 3) .
Principles
Criteria
Indicators
Reference values Criteria are more precise from the principles and easily linked with the sustainability Indicators. They represent a resulting state of agriculture when the relevant Principle is realized. For instance, for the Principle "Financial stability" three Criteria are identified: "Decreasing dependency from subsidies", "Adequate liquidity" and "Minimization of dependency from outside capital" (Table 3) .
Indicators are quantitative and qualitative variables of different type (activity, input, effect, impact, etc.) , which can be assessed in relation to a particular Criterion. For instance, for the Criteria "Decreasing dependency from subsidies" one Indicator "Share of direct subsidies in the Net Income" is selected.
The set of indicators is to provide a representative picture for agrarian sustainability in all its Aspects.
Two types (macro and micro) Indicators for assessing the level of agrarian sustainability can be used:
-Sector level indicators for agriculture as a whole, for a particular subsector, a specific region, large ecosystem, type of agrarian organizations etc., which are usual based on aggregated data from statistical, official report, survey and other sources; -Farm level indicators, which are based on first-hand data collected from different type of farms and agrarian organizations. These micro indicators are to give credible insights for agrarian sustainability as a whole and can be analyzed or/and further aggregated for different management levels.
Reference values are the desirable levels (absolute, relative, qualitative, etc.) for each Indicator, which assist the assessment of the state and levels of sustainability as well as give guidance for achieving (maintaining, improving) agrarian sustainability. They are determined by the science, experimentation, statistical, legislative, expert or other appropriate ways.
As a Reference value it could be used: -specific rule or standard -e.g. application of good agricultural and ecological practices; labor safety standards; standards for animal welfare, etc.
-formal restriction -e.g. norm for acceptable pollution of waters, soils and air; ecological limit for Nitrate pollution of lands and waters, etc.;
-norm for comparison -e.g. optimum rate for chemical fertilization, pesticides application, water irrigation; extent of conservation of biodiversity, traditions, etc.;
-minimum or maximum requirement -e.g. rate of profitability; extend of liability; hired labor compensation; etc.;
-limits of variation -e.g. number of livestock on a unit of pasture land; diversity of population of wild birds and animals, etc.;
-average values -e.g. age of farm managers; income level in the sector and entire economy; diversity of cultural plants, etc.;
-trends -e.g. share of marketed output; growth in productivity, long-term assets etc.; evolution of emissions of greenhouse gasses; level of diversity of insects and plants, etc.;
-personal or collective preferences -e.g. satisfaction from farming activity, preservation of traditions, varieties and technologies, etc.
Reference values have quite dissimilar characteristics depending on the Indicators' specific unit/measure (%, kg/ha, USD/AWU, utitless Index, qualitative state, etc.), variations (binary, multiple scales), importance for determine the overall sustainability level (threshold), etc.
The content and the importance of the specific Principles, Criteria, Indicators and Reference values are formulated and selected by the leading experts in the area. The system is to be permanently updated according to the development of science, measurement and monitoring methods, available information, industry standards, social norms, etc., and adapted to the needs of evaluators and particularity of the assessed system (subsector, region, etc.) .
A list with the potential Principles, Criteria, Indicators and Reference values for the specific conditions of Bulgarian and Chinese agriculture was prepared by project teams, and based on consultations with the leading experts in the area, available academic publications, official documents, and practical experiences in both countries and around the globe.
The experts discussed, complemented and evaluated the importance of the Principles, Criteria, Indicators and Reference values for the contemporary conditions of the development of Bulgarian and Chinese agriculture. The most adequate ones have been selected using following criteria: relevance to reflect sustainability aspects, discriminating power in time and space, analytical soundness, intelligibility and synonymity, measurability, governance and policy relevance, and practical applicability. The goal was to select a balanced system with sufficient for each aspect of sustainability, but not to many indicators which would guarantee the efficiency of use.
The generic system of the Principles, Criteria, Sector and Farm Levels Indicators, and Reference values for assessing agrarian sustainability in Bulgaria and China is presented on An equal approach for collecting data and calculation of Indicators is to be secured in order to guarantee an adequate assessment and comparison.
The same moment of sustainability assessment is to be used in both countries -December 31, 2015. Some Indicators require one year data while others three year data for calculating average values or identify the trends -in the former case period January 1 -December 31, 2015 is to be used while in the later the period January 1, 2013 -December 31, 2015. Most of the Indicators could vary in a certain range and there are a number of Reference values for indicating diverse levels of sustainability -High, Good, Satisfactory, Unsatisfactory or state of Unsustainability. Specific sustainability function is quite different for each Indicator and has to be specified by the experts in the field. Table 4 gives an example with assessment of sustainability level with four Indicators -"Profitability", "Nitrate application", "Satisfaction from farming activity", and "Membership in professional organizations" (Table 4) . For instance, all Indicators for the sustainability in a particular (livestock) subsector may be good but for the compliance with the animal welfare norms unsatisfactory. Thus putting efforts (measures) to introduce and enforce the animal welfare standards in the livestock holdings would enhance the ecological and the overall sustainability in that subsector.
Accordingly, appropriate governance form(s)/instrument(s) are to be considered to enhance sustainability in that direction though: training of farmers on animal welfare standards, appropriate transition period for full compliance with animal welfare norms, public financial support, sharing positive experiences, better enforcement and sanctions for noncompliance, etc.
In order to present visually in a graphic form diverse aspects and dimensions of sustainability of a particular farm, and integrate different type of indicators for a particular Criterion, Principle and Aspect, the qualitative levels of each indicator are transformed into (unitless) Index of Sustainability (ISi) using Table 6 . Figure 2 presents a result of the assessment of the sustainability level in a case study region in Bulgaria (Figure 2) . It is apparent that in order to increase the overall sustainability of regional agriculture it is to improve significantly the environmental protection activities. The later implies both a change in the strategy of farms as well as targeted support policy of the state for stimulation of the eco-activity (function) of agriculture. For interpretation of the integral assessments the Table 7 could be used. E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 ЕC1 Non-sustainable Figure 3 represents the integral assessment of a case study region for all Aspects of sustainability. It is apparent that agriculture in the evaluated region is with a good overall sustainability, which is determined by the good economic and social sustainability. At the same time the evaluated region is with a satisfactory integral ecological sustainability, which requires taking measures for improvement of eco-performance of holdings and the sector. (Figure 4) . It is obvious that in order to increase agrarian sustainability in the country it is to take measures to improve sustainability level of dairy sector, regions of type B and in mountainous areas, and cooperative farming, all which diminish the overall sustainability of national agriculture. It is well known that every integration of indicators of different type is associated with much provisionality, as it implies certain "interchangeability" of the individual dimensions of sustainability. In particular, it presumes, that a low level of sustainability or a state of nonsustainability for one (several) Indicator(s) could be "compensated" with a higher value of another (other) Indicator(s) without a change in the integral level. However, the later not always is true for certain Indicators for economic sustainability in a short-term, as well as in a longer-term for many of the indicators for social and ecological sustainability.
Therefore, experts are to specify the Indicators for which unsatisfactory or non-sustainable level predetermines the overall (unsatisfactory or non-sustainable) level for relevant Criteria and Principle. For instance, if profitability is 0 or negative the sector is not economically viable and thus with unsatisfactory economic sustainability of unsustainable economically.
The integration of Indicators does not diminish the analytical power since it makes it possible to compare sustainability of the diverse aspects of agrarian sustainability. Besides, since the assessment of the sustainability levels for the individual Indicators is a (pre)condition for the integration itself, the primary information always is available and could be analyzed in details if that is necessary.
Depending on the final users and the objectives of the analysis the extent of the integration of Indicators is to be differentiated. While farm managers, investors, researchers etc. prefer detailed information for each Indicator and Criterion at low (farm, eco-system, etc.) level, for decisionmaking at the higher (policy, administration) level are needed more aggregated (sectoral, subsectoral, regional, etc.) data for overall sustainability level and for major Aspects and Principles of sustainability. 
